To compare the efficacy of IV phenytoin and IV levetiracetam in acute seizures. Design: Randomized controlled trial. Setting: Tertiary care hospital, November 2012 to April 2014. Patients: 100 children aged 3-12 yrs of age presenting with acute seizures. Intervention: Participants randomly received either IV phenytoin 20 mg/kg (n = 50) or IV levetiracetam 30 mg/kg (n = 50). Patients who were had seizures at presentation received IV diazepam prior to these drugs. Outcome Measures: Primary: Absence of seizure activity within next 24 hrs. Secondary: Stopping of clinical seizure activity within 20 mins of first intervention, change in cardiorespiratory parameters, and achievement of therapeutic drug levels. Results: Two groups were comparable in patient characteristics and seizure type (P > 0.05). Of the 100 children, 3 in levetiracetam and 2 in phenytoin group had a repeat seizure in 24 hrs, efficacy was comparable (94% vs 96%, P > 0.05). Of these, 18 (36%) in phenytoin and 12 (24%) in levetiracetam group received diazepam. Sedation time was 178.80 ± 97.534 mins in phenytoin and 145.50 ± 105.208 mins in levetiracetam group (P = 0.346). Changes in cardiorespiratory parameters were similar in both groups except a lower diastolic blood pressure with phenytoin (P = 0.023). Therapeutic drug levels were achieved in 38 (76%) children both at 4 and 24 hrs with phenytoin, compared to 50 (100%) and 48 (98%) at 1 and 24 hrs with levetiracetam (P < 0.05). Conclusion: Intravenous levetiracetam and phenytoin have similar efficacy in preventing seizure recurrences for 24 hrs in children 3-12 years presenting with acute seizures.
IntroductIon

E
pilepsy is common in children, prevalence being 50-100/100,000. [1] Long-term antiepileptic treatment is indicated in all patients presenting with focal seizure and second episode of generalized tonic clonic seizure (GTCS). Long-term antiepileptic drug (AED) usually used are phenytoin, carbamazepine, or valproate. [2, 3] Intravenous levetiracetam has been shown to be safe and effective in treating adults and children with convulsive and non-convulsive status epilepticus. It has been used in an acute seizure in a dose of 20-60 mg/kg in children, [4] [5] [6] [7] [8] [9] [10] though none of these are randomized controlled trials. In treatment protocols for status epilepticus, a role of valproate and levetiracetam is being evaluated after phenytoin. [11] [12] [13] [14] Levetiracetam is being increasingly used as a first-line drug in partial seizures in adults. [15] IV loading is required for rapid achievement of appropriate drug levels. Hence, we compared efficacy and safety of IV levetiracetam with IV phenytoin in terms of seizure control and side effects in acute childhood seizures.
Methods
A total of 100 children 3-12 years presenting to the pediatric emergency with focal motor seizures and second episode of generalized seizures were included in the study. Approval was taken from the Institutional Ethics Committee and a written informed consent was taken from parents or guardians. A sample size of 50 children in each group was decided as no similar trial was available at the time of protocol formulation, hence, a pilot study. The trial was registered with Indian Council of Medical Research with trial no.CTRI/2014/01/004297. Children already on antiepileptic medication, clinical evidence of meningitis and sepsis, acute head trauma, febrile seizure, congenital anomalies, and developmental delay were excluded as the underlying etiology of seizures makes them more resistant to anticonvulsant response. Group allocation was done by sealed envelope technique. Numbers 1 to 100 were randomized equally in two groups using a computer-generated process using urn method. These were used to create sealed envelopes numbered 1 to 100 each containing a slip of either phenytoin or levetiracetam.
After taking care of airway, breathing, an IV access was established and blood samples obtained to measure blood glucose, blood urea, serum electrolytes, and liver enzymes. Children who came convulsing to the emergency were given IV diazepam (0.3 mg/kg). Subjects were randomized to receive either IV levetiracetam (30 mg/kg at5 mg/kg/min) or IV phenytoin (20 mg/kg at 1 mg/kg/min) intravenously. As per protocol if seizures recurred on the first loading of the drug a further second loading of the same drug was given. If seizures still recurred the patients were loaded with another drug and were excluded from the study.
A detailed history regarding the type of seizures, any previous drug intake, history suggestive of meningitis and head trauma, and relevant family history were recorded in the case record form. Blood pressure, heart rate, respiratory rate, level of consciousness (Glasgow coma scale), and convulsive activity were recorded every 15 min for the first 1 hr after the intervention began, then hourly for 3 hrs, then 4 hourly till completion of 24-hr study period. The children were monitored to see if there is any recurrence of seizure in the subsequent 24 hrs.
Three milliliter of venous sample were taken for measuring drug levels of levetiracetam at 1 hr and 24 hrs and for phenytoin at 4 hrs and 24 hrs after IV drug loading as per their pharmacokinetic profile. Serum was separated and stored at -80⁰C till it was analyzed. Levels for both the drugs were measured on an autoanalyzer by the enzyme immunoassay method. Levetiracetam levels were measured using ARK levetiracetam assay and phenytoin levels by the CEDIA phenytoin II assay. The minimum detectable concentration by the CEDIA phenytoin II assay was 0.6 mcg/ml and ARK levetiracetam assay was 2 mcg/ml. Measurement of either drug level resulted in <10% cross-reactivity in the presence of other drugs as specified by the assay. Therapeutic drug levels of phenytoin were 10-20 mg/dl and levetiracetam were 6-45 mg/dl as per laboratory and kit specifications.
Subsequently, patients continued to receive a maintenance dose of their drug, i.e., 40 mg/kg/day of levetiracetam and 5 mg/kg/day of phenytoin, intravenously, for 24 hrs followed by oral medication. At discharge from the hospital, the caregiver's perception about the treatment was recorded, and appropriate treatment with oral AEDs was continued. The children were also followed up for 7 days for recurrence of seizure. Neuroimaging and EEG were advised in all patients. Other investigations for etiological diagnosis were carried out as and when required.
The primary outcome measure was absence of seizures for 24 hours. Secondary outcome variables included changes in respiratory rate, heart rate, blood pressure, and oxygen saturation at various time points in the two groups and achievement of therapeutic drug levels.
stAtIstIcAl AnAlysIs
Baseline characteristics and parameters in the two groups were compared by the Chi-square test for qualitative variables and unpaired t-test for quantitative variables. Muchly's test of sphericity was applied for an intragroup variation in parameters up to one hour of drug administration. If found significant repeated measures analysis of variance was applied with Green House Geisser adjustment. Intergroup comparison of parameters was done by repeated measures analysis of variance. P value of less than 0.05 was considered significant.
results
In this study, 100 children aged 3-12 yrs were randomized into two groups to receive either IV phenytoin or IV levetiracetam [ Figure 1 ]. The two groups were comparable in terms of baseline characteristics, including age, anthropometry, clinical and laboratory parameters, and type of seizure [ Table 1 ].
Eighteen (36%) children had seizure activity at a presentation in levetiracetam and 12 (24%) children in phenytoin group. They received diazepam before loading dose of phenytoin or levetiracetam. The seizure was aborted in all children and time to stop seizure was Primary outcome measure i.e. recurrence of seizure activity within 24 hr was seen in 3 children in levetiracetam group and 2 children in phenytoin group (P = 0.646). The overall success rate of therapy in terms of efficacy was 96% in phenytoin group and 94% in levetiracetam group (P = 0.646, Table 2 ).
Levetiracetam levels were 22.45 ± 7.99 mg/l at 1 hr and 15.64 ± 5.72 mg/l at 24 hrs. All 50 (100%) children at 1 hr and 49 (98%) children at 24 hr achieved therapeutic levels (6-45 mg/l). Phenytoin levels were 17.91 ± 3.79 mg/l at 4 hrs and 15.67 ± 4.61 mg/l at 24 hrs. Thirty eight (76%) patients were in the therapeutic range at 4 and 24 hrs in the phenytoin group. The number of children with drug levels within therapeutic levels was significantly more in the levetiracetam group (P < 0.05) [ Among the clinical characteristics, Muchly's test of sphericity for HR was significant (P < 0.05) i.e. there was no uniform pattern of variation in heart rate. Hence, repeated measures analysis of variance was applied with the Green House Geisser adjustment. Intragroup variation in HR from the onset of drug administration to 60 min was not significantly different in phenytoin and levetiracetam group (P = 0.157). When the two groups were compared for variation in HR from 0 min to 60 min there was no significant difference between the two groups (P = 0.327) by applying repeated measures analysis of variance. [ Table 4 ].
Intergroup comparison in diastolic BP revealed a lower diastolic BP in the phenytoin group as compared to levetiracetam group (P = 0.023). There was significant intragroup variation in RR in phenytoin and levetiracetam group (P = 0.005). Mean did not vary more than 2-3 breaths per min. It was clinically insignificant. All other parameters were comparable. Same parameters analyzed and compared between subjects who received only phenytoin and who received only levetiracetam revealed that there was significant intragroup variation within both the groups in respiratory rate (P = 0.03) but it was clinically insignificant. For rest of other parameters no significant intra or intergroup variation was observed (P > 0.05) [ Table 5 ]. Among phenytoin + diazepam (n = 18) vs only phenytoin group (n = 32), there was significant intragroup variation (P < 0.05) in HR, DBP, SpO2, and intergroup variation in HR, SBP, DBP, and SpO2 (P < 0.05). When the parameters were analyzed and compared between subjects who received levetiracetam + diazepam (n = 12) and only levetiracetam (n = 38), there was significant intergroup variation in SBP and SpO2 (P < 0.05). All the variations were clinically insignificant [ Table 5 ].
Of the 47 patients followed up till 7 days in the levetiracetam group behavioral side effects in form of aggressive behavior or oppositional behavior were seen 6 patients (12.7%). Neuroimaging was carried out in 49 children in phenytoin group and 48 children in levetiracetam group. Neurocysticercosis was the commonest abnormality seen (52% in phenytoin group and 44% in levetiracetam group).
dIscussIon
Overall efficacy was 96% in phenytoin group and 94% in levetiracetam group which was comparable.
Though there is no similar comparative study, several studies have reported the efficacy of levetiracetam. In a study, 4 patients with acute repetitive seizures and 2 with HIE responded to IV levetiracetam out of a total of 10 patients (60% efficacy). [5] In another study of 51 children, the efficacy of IV levetiracetam was 75% in terminating status epilepticus and 59% in patients with acute repetitive seizures. [6] Out of 32 patients, 47% patients with status epilepticus responded to IV levetiracetam. [7] In a retrospective study done in 10 Indian children aged 3 weeks to 19 years who received IV levetiracetam, 9 patients showed seizure cessation (90% efficacy). [8] Another study reported 89% as seizure free at 1 hr in response to IV levetiracetam. [9] Among children who presented with seizures, long-term AEDs are required in those with two or more unprovoked generalized seizures or focal seizures. [2, 3] Hence, intravenous loading of appropriate antiepileptic would help to achieve drug levels and prevent further seizures especially in the first 24 hrs. Phenytoin no longer remains the drug of choice for long-term therapy due to side effects such as gum hypertophy, hirsutism, and osteoporosis. Hence, increasing the need to give a loading dose of levetiracetam. If seizures do not recur patients are subsequently put on maintenance doses according to the type of seizure such as carbamazepine/ valproate/levetiracetam in partial seizure and phenytoin/valproate/levetiracetam in second episode GTCS. This study reveals that efficacy of levetiracetam is comparable to phenytoin hence we can use a loading dose of levetiracetam wherever long-term antiepileptic therapy is planned with levetiracetam.
Intravenous diazepam is given when a patient presents seizures, as it takes less than 10 seconds to enter the brain and 8 minutes to reach peak brain concentration and effectively controls seizure activity. Since its distribution half-life is just 20.4 min, a long-acting antiepileptic is required to prevent the recurrence of seizures. [16] It is a common practice to give loading doses of phenytoin in all the patients after intravenous diazepam. Now levetiracetam can also be used in these situations whenever required. Because of short half-life of diazepam, our objective of comparing the efficacy of levetiracetam and phenytoin in controlling seizures for a 24-hr period was not affected.
About one-third of patients with status epilepticus may have persistent seizures refractory to first-line medications and required second line medications such as barbiturates, propofol or other agents. In developing countries where facilities for assisted ventilation are not readily available, use of non-sedating AEDs such as levetiracetam may be beneficial. [17] In present study, age group was 3-12 years. Children of age less than 3 years were excluded from the study as metabolic abnormalities, malformation, and syndromes account for a major proportion of seizures occurring in this age group. In these children, seizures tend to recur despite anticonvulsant therapy until the underlying condition has been corrected. Children with clinical features suggestive of meningitis were also excluded for the similar reasons. Children with a history of acute head trauma were excluded from the study as most of them would require prompt neurosurgical intervention. The children in phenytoin and levetiracetam groups were comparable in terms of patient characteristics such as age and biochemical parameters. Thus we ensured inclusion of homogenous population.
In the present study, no effect was seen of the type of seizure over the administered drug. It was found equally effective in both GTCS and focal seizures as reported in earlier studies. [18, 19] In the levetiracetam group, all 50 (100%) children at 1 hr and 49 (98%) children at 24 hr achieved therapeutic levels. Therapeutic levels were taken as 6-45 mg/l in this study as per laboratory and kit specifications. Previous studies have revealed levels varying from 8-41 mcg/ml, 47-128 mcg/ml, 14-189 mcg/ml. [3, 8, 9] Thirty-eight (76%) patients were in the therapeutic range at 4 and 24 hrs in the phenytoin group. The drug levels did not correlate with the recurrence of seizure or efficacy of the antiepileptic as reported earlier. [20] Children were sedated on IV infusion of both the drugs. Though statistically insignificant (P = 0.346) patients who received phenytoin had a higher sedation time than the levetiracetam group. If a child was not convulsing at presentation, we observed that time to regain consciousness was briefer in children who received levetiracetam only, rather than phenytoin only, though it was statistically insignificant (P = 0.428). No studies have reported sedation time of levetiracetam or compared it with phenytoin. The lesser sedative AED is likely to have a better outcome. Sedation time was significantly more when diazepam had to be administered [phenytoin + diazepam vs phenytoin groups (P = 0.03) and levetiracetam + diazepam and levetiracetam group (P = 0.002)].This was as expected due to the sedative effect of diazepam.
Secondary outcomes of the present study were the effect of treatment on the cardiorespiratory parameters such as BP, SpO 2 , HR, RR. Intergroup comparison in Diastolic BP revealed a lower Diastolic BP in the phenytoin group as compared to levetiracetam group (P = 0.023) as there are more chances of hypotension with phenytoin. There was significant intragroup variation in RR in phenytoin and levetiracetam group (P = 0.005). Mean did not vary more than 2-3 breaths per min. It was clinically insignificant.
Levetiracetam was found to have no significant side effects on cardiorespiratory parameters such as HR, RR, BP, SpO2 or ECG as reported in previous studies. [10, 11, 22] We administered levetiracetam in a dose of 30 mg/kg as a loading dose. Other studies have used doses varying from 20-150 mg/kg with no significant cardiorespiratory side effects.
Neurocysticercosis was seen in the majority of patients in both the groups as in 52% in phenytoin group and 44% in levetiracetam group responsible for both partial and generalized seizures. High prevalence of neurocysticercosis as a cause of partial epilepsy is well documented in earlier studies. [23] In this study, intravenous levetiracetam was comparable to intravenous phenytoin in terms of seizure control. Time to sedation was shorter with levetiracetam than with phenytoin. With the proven safety and efficacy of IV levetiracetam in this study, it can be used for acute seizures when long-term therapy is indicated. Its role in status epilepticus after benzodiazepines or after loading of phenytoin needs to be evaluated further.
What is already known?
• Phenytoin is efficacious in control of acute seizures in children. Levetiracetam is being increasingly used in both children and adults with no significant acute and long-term side effects. Levetiracetam is safe and efficacious in status epilepticus and acute seizures in children as reported in retrospective studies and case reports.
What does this study adds?
• The efficacy of levetiracetam is comparable to that of phenytoin in acute childhood seizures. IV levetiracetam has lesser cardiorespiratory side effects than IV Phenytoin. A loading dose of 30 mg/kg of levetiracetam achieved therapeutic levels in most patients.
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